A method of fractionation of "ghosts" was devised to identify the chemical components of the cytoplasmic membrane. The method consists of dialyzing the "ghosts" against distilled water, and then dissolving the ghosts in dilute alkali. The ghosts were fractionated into four fractions by use of differential centrifugation. The components of each fraction were analyzed in detail. The ratio of lipid to protein and content of carbohydrate were found to be different for the four fractions. The
Electron microscopy shows that the cytoplasmic membrane of bacteria consists of two parallel outer dense layers, believed to be protein in nature, and a middle non-dense layer, generally interpreted as a lipid layer (5, 11, 18) .
Weibull (25) prepared a cytoplasmic membrane fraction, "ghosts," of Bacillus megaterium by osmotic lysis of protoplasts. Weibull and Bergstrom (26) analyzed the chemical composition of the ghosts after separating them into a soluble and insoluble fraction by use of organic solvents.
Gilby et al. (7) and McFarlane (14, 15 ) studied the cytoplasmic membrane of Micrococcus lysodeikticus by use of a procedure similar to that of Weibull. However, it is likely that the unpurified ghosts fraction contains granules, debris, cell wall, etc., besides membranes themselves. So, the chemical composition of the ghosts cannot represent that of the "true" cytoplasmic membrane. Studies on the structure of the cytoplasmic membrane are impossible without first separat1Presented in part at the Annual Meeting of the Japanese Agricultural Chemical Society (Tokyo, 25 April 1965) and the Journal of Japanese Biochemical Society (Fukuoka, 20 October 1965) ing the membrane from the above-mentioned impurities. However, purification of the membrane must be done without organic solvents, because lipid is dissociated by organic solvents from lipoprotein or lipopolysaccharide, which is believed to be present in the membrane. We have made an effort to isolate "true" cytoplasmic membranes from ghosts prepared by Weibull's procedure. It was found that, when sufficient dialysis was performed against distilled water, a large part of the ghosts became soluble in dilute alkali and could be fractionated into four fractions by means of differential centrifugation.
In this report, the method for the fractionation of the cytoplasmic membrane and the physical and chemical analysis of the fractions are described.
MATERIALS AND METHODS Organism, growth conditions, and harvesting. B. megaterium KM was used in all experiments. Cultures were grown in the medium described by Gladstone and Fildes (8) Estimation of sugars. The material to be analyzed (5 to 10 mg) was hydrolyzed for 2 hr in 0.5 to 1 ml of 2 N H2SO4 at 100 C. The hydrolysate was passed through a 5-ml cation-exchange column (Dowex-50, H-form). The neutral sugars were eluted with water, and the hexoses were determined quantitatively in the eluate by the anthrone method as described by Scott and Melvin (20) .
Estimation of nucleic acids. After fractionation by the method of Schmidt and Thannhauser (19) , RNA was determined by the method of Ceriotti (4) and DNA by the method of Burton (3) .
Estimation of dry weight. The dry weight was determined after drying the sample at 100 C for 24 hr.
Estimation of poly-fl-hydroxybutyric acid (PHB). PHB was determined by the method of Slepecky and Law (21) . A standard curve was prepared with PHB isolated from cells of B. megaterium KM.
Elementary analysis. Total phosphorus was determined by the method of Fiske and SubbaRow (6) after digestion with concentrated H2SO4. Total nitrogen was determined by the micro-Kjeldahl method (12) .
Electron microscopy. Samples were fixed in an aqueous solution of 2% osmium tetroxide for 90 min, and were dehydrated in aqueous ethyl alcohol (v/v) according to the following schedule: 20, 50, and 75% ethyl alcohol for 30 min each, 95% ethyl alcohol for 60 min, and two successive dehydrations in absolute ethyl alcohol for 60 min. Alcohol was removed with propylene oxide, and the samples were embedded in a mixture of Araldite M and 964 B (1:1, v/v).
Sections were cut on a Porter-Blum ultramicrotome with glass knives, mounted on 150-mesh copper grids coated with a carbon film, and were stained with lead hydroxide according to the procedure of Millonig (15) .
All samples for electron microscopy were examined in a Hitachi model HU-1B electron microscope.
RESULTS
Fractionation of the "ghosts." Solubilities of the ghosts were determined with various agents, which seem possibly to solubilize lipoprotein constituting the cytoplasmic membrane. Table 1 shows that the ghosts were slightly soluble in various detergents or protein-denaturing agents. But, if dialyzed enough against distilled water, the "ghosts" were soluble in a The procedure for the fractionation of the ghosts with alkali was as follows. The ghosts (12 g, dry weight) were suspended in 300 ml of distilled water and dialyzed against 2 liters of distilled water at 5 C for 48 hr. The distilled water was changed every 12 hr. To the dialyzed suspension, 0.02 N NaOH was added to give a pH of 8.0. After being stirred for 20 min at 5 C, the suspension was centrifuged at 10,000 X g for 30 min at 5 C, yielding a heavy dark-gray precipitate (fraction 1).
The supernatant fraction was collected and centrifuged at 105,000 x g for 30 min at 5 C, and the resulting supernatant fraction was decanted and saved. The precipitate was suspended in 50 ml of distilled water and centrifuged at 105,000 X g for 30 min at 5 C, giving a brown precipitate (fraction 2).
The clear reddish supernatant liquid of fraction 2 was collected. To each 100 ml of the supernatant fluid, 1.17 g (0.05 M) of MgSO4 was added, and the pH was adjusted to 6.0 with 0.02 N HCI; the solution was stored overnight in a refrigerator. A yellowish precipitate formed upon standing, and this was separated by centrifugation at 10,000 X g for 10 min at 5 C (fraction 3).
The supernatant liquid (fraction 4) was separated from the precipitate and saved. Figure 1 is the flow-sheet describing the details for the fractionation of the cytoplasmic membrane fraction ghosts.
Chemical composition of the fractions. Table 2 shows the chemical composition of the various fractions shown in Fig. 1 . The values represent averages of five experiments.
The composition of ghosts before fractionation is comparable to the data of Weibull (24) PHB was found in fraction 1. Fraction 4 had a lower lipid content but a larger amount of RNA. Figure 2 shows the sedimentation pattern of fraction 3.
The sedimentation pattern of fraction 3 indicates the presence of a single comparatively uniform peak.
It is interesting that the cytoplasmic membrane consists of a few kinds of particles, comparatively homogeneous by sedimentation analysis.
From fraction 4, it was possible to obtain pure cytochrome c. Complete details of the separation are reported in another paper (22) .
The preparation had absorption peaks at 278, 410, and 530 m,u (with a shoulder at 360 m,u) in the oxidized form and at 415, 520, and 550 m,i in the reduced form. This may be a useful method for preparing cytochrome c from B. megaterium.
Electron microscopy of the fractions of the membrane. Under the electron microscope, the cytoplasm of sections of protoplasts of B. megaterium contained abundant small dense particles about 100 A in diameter. The washed membrane fraction, ghosts, prepared by lysis of the protoplasts by Weibull's method (Fig. 3a) have little cytoplasmic material except for many small dense particles (about 100 A in diameter). These particles, which may represent ribosomes, were mostly attached to the membranes. They could not be removed by repeatedly washing the ghosts with distilled water.
On the other hand, fraction 2 ( Fig. 3b) , obtained by solubilizing "ghosts" in dilute alkali and subsequent separation by centrifugation, contained only membrane structures which look like balloons about 0.5 u in diameter. No 100-A particles were visible in this fraction, and the inside of the membrane structure appeared empty. It is interesting that the fragments of the cytoplasmic membrane are rather small and resemble uniform spheres. It is unknown at the present time whether these fragrnents are those Electron micrographs of sections of the ghosts show a large number of particles, which are 100 to 150 A in diameter and are attached to the membranes. These particles cannot be removed from the membrane by washing with a buffer containing 0.005 M MgSO4. However, in fraction 2, these particles are not found on the membranes.
Our fractions 1 and 2 are probably related to the mucoprotein and phospholipid fractions described by Godson, Hunter, and Butler (9) , although the experimental procedures outlined here allow a clearer differentiation the two fractions.
Fraction 3, precipitated with acid, consists of material with a single comparatively uniform peak in its sedimentation pattern. It is not clear whether fraction 3 is derived entirely from the cytoplasmic membrane, or whether some of the material originates from cytoplasmic structures associated with ribonucleoprotein.
Brown (1, 2) noted that sonic treatment of the membrane preparation from Sarcina lutea in the presence of Mg+2 resulted in its conversion to particles having sedimentation coefficients of 5S and 70S. Although, with our fractionation method, the cytoplasmic membrane was observed to be separated into a few small particles, it still is not clear how these small particles combine to form a large structure such as the cytoplasmic membrane.
